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2.2. Stress analytic formula under internal pressure 
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2.3. Strength calculation under inner pressure 
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DOORZDQFHRIWKHUHTXLUHGZDOOWKLFNQHVV
PP



 |

u
uu
u t 
 (QJLQHHULQJ VROXWLRQ 5HJDUGLQJ WR UHGXFHU EHQGV IDEULFDWLRQ WHFKQRORJ\ WKHUH DUH  NLQGV IRUPLQJ
WHFKQRORJ\WKHVWRQHWKDWFDQEHDSSOLFDEOHWRVWUDLJKWSLSHZLWKVPDOOHUUHGXFLQJGHJUHHDQGKRWEHVSRNHSXOOHG
62   S.-Y. Chen et al. /  Procedia Engineering  130 ( 2015 )  57 – 66 
E\RQHVWHSWKHQGRQHWKDWFDQEHDSSOLFDEOHWRODUJHUUHGXFLQJGHJUHHSLSHEHVSRNHSXOOHGVWHSE\VWHSWKHUG
RQH WKDW FDQEH DSSOLFDEOH WR DVVHPEO\ZHOGLQJE\KDOI SUHVVLQJ LQ ORZHUZRUN FRQGLWLRQ WKHWKRQH LV WKHKRW
EHVSRNHSXOO PHWKRG RI HFFHQWULFDOO\ UHGXFHU EHQGV DV WKH SLSH EODQNHW WKH WK RQH LV WKH FRPELQDWLRQ RI KRW
EHVSRNHDQGDVVHPEO\ZHOGLQJDQGWKHWKRQHLV'SULQWLQJPHWKRG%XWQRPDWWHUZKDWSURGXFWVRIZKLFKPHWKRG
WKHUH¶VQRFRUUHVSRQGLQJVWUHQJWKGHVLJQVWDQGDUGWLOOQRZ8VXDOO\ORQJLWXGLQDOZHOGVDUHQRWSHUPLWWHGWRH[LVWLQ
HOERZV RU UHGXFHU EHQGV LQ FKHPLFDO DQG LQGXVWULDO SODQW VWUHQJWK RI WKH UHGXFHU EHQGV IRUPHG E\ HOHFWULF DUF
DGGLWLRQDOPDQXIDFWXUHSULQWLQJFDQQRWPHHWUHTXLUHPHQWVRIWKHHQJLQHHULQJEXWWKHFRVWRIKRWEHVSRNHSXOOHGWR
EODQNE\PRGHO LVPXFKKLJKHU&XUUHQWO\RQHDSSOLFDEOHPHWKRG LV WKDWEODQN LVKRWSUHVVHG WREHHOERZE\ WKH
WUDGLWLRQDOPDWXUH WHFKQRORJ\ ILUVWO\ WKHQRSHQ DQDUURZDQG ORQJGRYHWDLO JURRYH LQ WKH H[WUDGRV DW RQH HQGRI
HOERZUHPRYHSDUWRIWKHZDOO WKLFNQHVVVHHILJDQGWKHQKRWSUHVVHGIRUVHFRQGWLPHWRFORVHGRYHWDLOJURRYH
RSHQHG DQG DW ODVW ZHOG WKH RSHQLQJ $ NLQG RI KDOI VHDPOHVV DQG KDOI VHDPLQJ FRPELQDWLRQ VWUXFWXUH FDQ EH
PDQXIDFWXUHGE\WKLVQHZWHFKQRORJ\   


)LJ'RYHWDLORSHQLQJLQWKHZDOORIHOERZ
:HOGORFDWLRQGHVLJQ)RUPXOD>@GRHVQRWFRQVLGHUWKHUHGXFHUEHQGVXQGHUFRPELQHGORDGLQJVXFKDVLQWHUQDO
SUHVVXUH PRPHQW DQG WRUTXH DW WKH VDPH WLPH 8QGHU GLIIHUHQW ORDGV WKH PD[LPXP VWUHVV WKDW GHWHUPLQHV WKH
VWUHQJWK RI UHGXFHU EHQGV LV LQ GLIIHUHQW SRVLWLRQV DQG VWUHVV FRQVWLWXHQW DQG LWV IRUPXOD KDYH GLIIHUHQFHV WKH
SURGXFWIRUPLQJSURFHVVDQGWKHZHOGSRVLWLRQDUHDOVRGLIIHUHQWLQWKLVFDVHWKHVWUHQJWKFDOFXODWLRQIRUPXODLVDOVR
GLIIHUHQW)RUH[DPSOHDGRYHWDLOJURRYHVKRXOGEHRSHQHGLQWKHQHXWUDOOLQHRIUHGXFHUEHQGVWKDWPDLQO\EHDULQJ
PRPHQWLQEHQGLQJSODQH
:HOG KHDW WUHDWPHQW ,Q HQJLQHHULQJ H[FHSW ZHOO GHVLJQHG ZHOG EHYHO GLIIHUHQW WHFKQLFDO PHWKRG FDQ EH
HPSOR\HGLQFORVLQJZHOGRIGLIIHUHQWPDWHULDO3:+7FDQEHZDLYHGIRUFDUERQVWHHOZHOGLWVKLJKHUVWUHQJWKDQG
KDUGQHVVPDLQWDLQHGDUHXVHIXOIRUUHVLVWLQJDEUDVLYHFRUURVLRQIRUIORZLQJIOXLG5HJDUGLQJWRVWDLQOHVVVWHHOZHOGV
VROXWLRQWUHDWPHQWVKDOOEHGRQHWRUHFRYHU\LWVJRRGFRUURVLRQUHVLVWDQFH&U0RVWHHOZHOGVKDOODOVREH3:+7WR
UHOLHILWVUHVLGXDOVWUHVVDQGWRUHILQHJUDLQV
(TXDOZDOOWKLFNQHVVWUHDWPHQW:LWKUHJDUGWRVHDPOHVVUHGXFHUEHQGVKRWEHVSRNHSXOOHGIRUPLQJLVDGLDPHWHU
HQODUJLQJSURFHVVRIVPDOOGLDPHWHUSLSHEODQNZDOOWKLFNQHVVZLOOGHFUHDVHJUDGXDOO\UHGXFWLRQRIZDOOWKLFNQHVVLV
LQFUHDVLQJDVWKHGLDPHWHUEHFRPHODUJHUXVLQJWKHPHWKRGWKDWJUDGXDOO\UHGXFHWKHZDOOWKLFNQHVVRIEODQNEHIRUH
IRUPLQJRU WKHPHWKRGWKDWSURFHHGJULQGLQJWUHDWPHQWDIWHUIRUPLQJERWKRI WKHPFDQREWDLQUHGXFHUEHQGVZLWK
HTXDOZDOOWKLFNQHVV
7HVWLQJVWUHVVDQDO\VLVRIUHGXFHUEHQGVXQGHULQWHUQDOSUHVVXUH
3.1. Test plan 
6SHFLILFGLPHQVLRQDQGDFWXDOPHDVXUHPHQWKDUGQHVVYDOXHVRIWKHWHVWVDPSOHVDUHVKRZQLQWDEOH8OWUDVRQLF
SUREH SDUWLQJ VXUIDFH ZHUH SODFHG SDUDO\]HG DQG YHUWLFDOO\ WR HOERZ D[LV VHSDUDWHO\ WR JHW WZR UHDGLQJV DQG
FDOFXODWHWKHLUDYHUDJHYDOXHWKHLUGLIIHUHQFHLVOHVVWKDQDQGWKHODWWHULVDOLWWOHODUJHU:DOOWKLFNQHVVLQWKH
WDEOHLVWKDWPHDVXUHGZKHQSUREHLVYHUWLFDOWRD[LVRIWKHHOERZ&URVVVHFWLRQQXPEHUDQGOHWWHUVRULHQWDWLRQRI
HTXDOGLYLVLRQSRLQWVDUHVKRZQLQILJ,'LQ$(RULHQWDWLRQLVODUJHUWKDQWKDWRI&*RULHQWDWLRQEXW2'LVVOLJKW
VPDOOHUWKDQWKDWRI&*RULHQWDWLRQ7KHUHVXOWVKRZVWKHRYDOLW\RIWKHFURVVVHFWLRQ
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7DEOH$FWXDOPHDVXULQJSDUDPHWHURIUHGXFHUHOERZWHVWFRXSRQ
&URVV6HF
1R
+DUGQHVVDW$
QHXWUDOOLQH+%
+DUGQHVVDW(
QHXWUDOOLQH+%
$YJ7KNRIHTXDO
GLYLVLRQSRLQWV)URP$
WR+PP
2'
PP
tr ([FLUFOHURXQGQHVVRIFURVVVHFWLRQ
      
      
      
      
      
      
      
      
      
      
      
$YJYDOXH      


  
)LJ&URVVVHFWLRQDQGHTXDOGLYLVLRQSRLQWV
7HVWLQJV\VWHP6WUDLQZRXOGEHPHDVXUHGE\DXWRPDWLFDOO\VFDQQLQJYLDSURJUDPPDEOHFRQWUROOHG<-²
VWDWLFHOHFWULFUHVLVWDQFHVWUDLQLQVWUXPHQWGDWDDFFXPXODWLQJV\VWHP3UHVVXUHLQFUHDVLQJLQVWUXPHQWRI WKHEHQGLV
ZLWKWKHPRGHO'²6<SUHVVXUHWHVWSXPS*HQHUDOO\HDFKPHDVXULQJSRLQWVKDOOEHVWXFNZLWKDUHFWDQJXODU
HOHFWULFDOUHVLVWDQFHVWUDLQGLVFZLWKD[LVDQGPHDVXUHWKHORQJLWXGLQDOVWUDLQDQGFLUFXPIHUHQWLDOVWUDLQVHH)LJ


)LJ7HVWVDPSOH
6WUDLQYDOXHPHDVXUHGGLUHFWO\E\ELGLUHFWLRQVWUDLQGLVFFDQEHXVHGWRFDOFXODWHSULQFLSDOVWUHVVYLDJHQHUDOL]HG
+RRN
VODZLQJHQHUDOL]H>@



a 5DGLDOFURVVVHFWLRQVHTXHQFH
2



 



ș 
b HTXDOGLYLVLRQSRLQWVRQHOERZFURVVVHFWLRQ
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3.2. Test results analysis 
 7HVW UHVXOWV 7KH UHVXOWV RI VWUDLQ WHVW DUH FRQYHUWHG LQWR VWUHVV E\ IRUPXOD  DQG  DIWHU WKDW VWUHVV
FXUYHVZLOO EH GUDZQ7KH FLUFXPIHUHQWLDO DQG ORQJLWXGLQDO VWUHVVHV DW QHXWUDO OLQH VHH )LJ  DQG )LJ 'XULQJ
VWUHVVFDOFXODWLRQDFFRUGLQJWRVWDQGDUG3RLVVRQ
V5DWLRȞ DQGVSULQJPRGXOXV( (03DZLOOEHWDNHQ
&RUUHVSRQGLQJVWUHVVFXUYHDQDO\VLV$FWXDOPHDVXUHPHQWYDOXHRIORQJLWXGLQDOVWUHVVZKHQLQWHUQDOSUHVVXUH
LVLQFUHDVHGORQJLWXGLQDOVWUHVVFXUYHEHFRPHVDEUXSWORQJLWXGLQDOVWUHVVHVDUHDOOWHQVLOHVWUHVVLQWHUPVRIWKHOHYHO
RIVWUHVVDW WKHPD[LPXPLQWHUQDOSUHVVXUHVHTXHQFHRI WKHPD[LPXPORQJLWXGLQDOVWUHVVIURPKLJKWR ORZDUH LQ
LQWUDGRVQHXWUDO OLQHDQGH[WUDGRVVHSDUDWHO\6WUHVVFXUYHVFRQFHQWUDWLRQGHJUHHXQGHUGLIIHUHQW LQWHUQDOSUHVVXUH
IURPKLJKWRORZDUHLQLQWUDGRVH[WUDGRVDQGQHXWUDOOLQHUHVSHFWLYHO\ 



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 )LJ/RQJLWXGLQDOVWUHVVHVFXUYHVDWQHXWUDOOLQH )LJ&LUFXPIHUHQWLDOVWUHVVHVFXUYHVDWQHXWUDOOLQH
$FWXDO PHDVXUHPHQW RI FLUFXPIHUHQWLDO VWUHVV FLUFXPIHUHQWLDO DQG ORQJLWXGLQDO VWUHVV FXUYH KDYH WKH VDPH
WHQGHQF\/HYHORIORQJLWXGLQDOVWUHVVKDVQRWUHDFKHGWLPHVWKDWRIWKHFLUFXPIHUHQWLDOVWUHVV%\FRPSDULVRQRI
FLUFXPIHUHQWLDOVWUHVVRIGLIIHUHQWORQJLWXGLQDOOOLQHVPD[LPXPLQWHUPHGLXPDQGPLQLPXPFLUFXPIHUHQWLDOVWUHVV
H[LVWLQLQWUDGRVQHXWUDOOLQHDQGH[WUDGRVUHVSHFWLYHO\
$FWXDO PHDVXUHG VWUHVV DQG VWUHVV DQDO\VLV QR PDWWHU ZKHWKHU LW LV ORQJLWXGLQDO RU FLUFXPIHUHQWLDO VWUHVV
DQDO\WLFDOYDOXHVDUHDSSDUHQWO\WRWLPHVKLJKHUWKDQWKDWRIDFWXDOPHDVXUHGVWUHVVZKLFKVKRZVWKDWDQDO\WLFDO
VWUHVVYDOXHVLVREYLRXVFRQVHUYDWLYH
3.3. Errors analysiss 
7KHDQDO\VLVVKRZVWKDWH[FHSWWKHXQFOHDUUHDVRQWKHDERYHHUURUVDUHPDLQO\DIIHFWHGE\WKHIROORZLQJDVSHFWV
 ,W LV DVVXPHG WKDW VWUHVVRI SLSH FRPSRQHQWV GXULQJ VWUHVV DQDO\VLV LQIHUULQJSURFHVV LV WKH WKLQPHPEUDQH
VWUHVVZLWKRXWPRPHQWEXWDFWXDOO\UHGXFHUSLSHWHVWVDPSOHLVZLWKDWKLFNZDOOVWUXFWXUH  6RPHVFKRODUVIRXQG
RXW WKDWZKHQ WU LVPRUH WKDQ WKLQ VKHOO WKHRU\ZLOO QRW FDXVH WKH XQDFFHSWDEOH HQJLQHHULQJ HUURUZKLFK LV
YHULILHGE\ORWFRPSDULVRQVDQGWULDOFDOFXODWLRQ>@,QIDFWH[FHSWVXEMHFWLQJWRLQWHUQDOSUHVVXUHHQJLQHHULQJSLSH
FRPSRQHQWVDUHDOVRVXEMHFWLQJWRWKHHIIHFWRIPRPHQWDQGJUDYLW\DQGWKHZDOOWKLFNQHVVLVLQFUHDVHGDFFRUGLQJWR
WKHUHVXOWLQWDEOHWULVIDUODUJHUWKDQDQGDVPXFKDVUDGLDOVWUHVVRIWKHZDOOWKLFNQHVVXQGHULQWHUQDO
SUHVVXUHFDQQRWEHLJQRUHG 
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,QIDFWWKHUHGXFHUEHQGVLVDQD[LDOGLVV\PPHWU\VWUXFWXUHEHQGLQJPRPHQWH[LVWVLQZDOOWKLFNQHVVXQGHU
LQWHUQDOSUHVVXUH:LWKUHJDUGLQJWRFLUFXPIHUHQWLDOEHQGLQJPRPHQWLQRQHKDQGLWFRPHVIURPDUHDGLIIHUHQFHRI
SUHVVXUHEHWZHHQH[WUDGRVDQGLQWUDGRVRIWKHQHXWUDOOLQH>@RQWKHRWKHUKDQGLWFRPHVIURPRYDOLW\RILQQHUDQG
H[WHUQDOFLUFOHRIWKHSLSHFURVVVHFWLRQDQGORQJDQGVKRUWRYDOLW\RILQQHUDQGH[WHUQDOURXQGDUHQRWFRQIRUPLQJ
DQGYHUWLFDOWRHDFKRWKHU 
/RQJLWXGLQDO EHQGLQJ PRPHQW FRPHV IURP DUHD GLIIHUHQFH RI SUHVVXUH EHWZHHQ H[WUDGRV DQG LQWUDGRV RI WKH
QHXWUDO OLQHRQRQHKDQG>@RQ WKHRWKHUKDQG LWFRPHV IURPDUHDGLIIHUHQFHSUHVVXUHRI ODUJHHQGDQGVPDOOHQG
VHFWLRQ$FWXDOO\UHGXFHUEHQGLVEHORQJLQJWRQHLWKHUWKHWKLQZDOOVWUXFWXUHQRUWKHURWDWHGVKHOORID[LDOV\PPHWU\
EXW D NLQG RI K\SHUERORLGDO VKHOOZLWK PDLQ FXUYDWXUHV FKDQJHG JUDGXDOO\0RPHQW RI WKH VKHOO XQGHU LQWHUQDO
SUHVVXUH FDQ QRW EH LJQRUHGˈEXW LWV PDWKHPDWLF FDOFXODWLRQ LV H[WUHPHO\ FRPSOLFDWHG 7KHUHIRUH LW LV QRW
DSSURSULDWH WR DQDO\]H VXFKNLQGRI UHGXFHUEHQGVE\ WKH WKLQPHPEUDQH WKHRU\ LQ WKLQZDOO DQG D[LDO V\PPHWU\
VWUXFWXUH
$FFRUGLQJWRUHVXOWLQWDEOHFURVVVHFWLRQURXQGQHVVRIUHGXFLQJEHQGSLSHWHVWSLHFHLVXSWRWKHUH¶V
RQO\ URXQGQHVV WROHUDQFH IRU HQG RI SLSH FRPSRQHQW LQ UHOHYDQW VWDQGDUG EXW WKHUH¶V QR URXQGQHVV GHYLDWLRQ
UHTXLUHPHQWIRUWKHPLGGOHSDUWRIWKHHOERZ6RWKHUHVKRXOGKDYHEHHQ  T DQGLQWKHFLUFXPIHUHQWLDOVWUHVV
IRUPXODMXVWZKHQ q D DQG VLQ  D %XWQRZ VLQ |D LQDOOFDVHVZLWKRXWGLVWLQJXLVKLQJDQGWKDWLVRQHRI
WKHHUURUV
&RQFOXVLRQV
 6WUHVV DQDO\WLFDO IRUPXODV YDOXH DQG WHVWLQJ VWUHVV PHDVXUHPHQW UHVXOW XQGHU LQWHUQDO SUHVVXUH DUH QRW LQ
FRPSOLDQFH7KH$QDO\WLFIRUPXODVYDOXHLVDSSDUHQWO\ODUJHUVRWKDWLWLVFRQVHUYDWLYHWREHDSSOLHGLQHQJLQHHULQJ
7KLV HUURU PDLQO\ UHVXOWHG IURP WKH WRWDO VWUHVV IURP WKLQ ZDOO PHPEUDQH DQDO\VLV RI WKH IRUPXOD DQG PRPHQW
UHDFWLRQRI WKH DFWXDOPHDVXUHPHQW7KLVPRPHQWPDLQO\ UHVXOWV IURP WKH VKHOO WKLFNQHVV DQG WKHGLVV\PPHWULFDO
ELK\SHUEROLFDOVKHOOLWVPDWKHPDWLFFDOFXODWLRQLVH[WUHPHO\FRPSOLFDWHGVRWKDWLWVFRPSOHWHVWUHVVDQDO\VLVLVVWLOO
H[SHFWLQJVFKRODUVZKRDUHLQWHUHVWHGLQLW 
%DVHGRQWKHFLUFXPIHUHQWLDOVWUHVVIRUPXODRI WKHGDQJHUFURVVVHFWLRQRI WKHUHGXFHUHOERZXQGHU LQWHUQDO
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